Evidence is presented here that axenic cultures of Chlorella, Scenedesmus, Coelastrum, and Chlorococcum spp. evolve N20 when grown on NO2, showing that the Chlorophyceae are a source of N20 in aquatic systems.
Nitrous oxide (N20) is an intermediate in denitrification and a by-product of both nitrification and dissimilatory nitrogen oxide reduction (3, 18) . The extent of the global source and pool of N20 is uncertain and especially controversial in aquatic systems (5, 7, 17) . Recognition of new, widespread biological sources of N20 affects current theories of the global N20 balance. This report shows that the Chlorophyceae evolve N20 when grown on N02 . These data show that the green algae are a previously unrecognized source of N20-Cells from actively growing axenic cultures of chlorellae in BG-11 medium (1) and of other species in MBM medium (16) (in air plus 1% CO2 at 25 + 2°C, under continuous irradiation of 8 to 11.3 W m-2 by Cool White [General Electric] fluorescent lights) were harvested by centrifugation, washed three times, and resuspended in the same volume of identical medium without any source of combined nitrogen. After 18 h, the cells were harvested by centrifugation. Portions of the thick slurry were suspended in 3 ml of the appropriate growth medium with and without NaNO2 (1.2 to 3.0 g liter-1), NaNO3 (1.5 g liter-1), 1% glucose, and 10-5 M 3-(3,4-dichlorophenyl)-1,1-dimethyl urea (DCMU) and transferred to sterile 13-ml serum tubes. The sealed tubes were evacuated and backfilled three times with Ar-CO2 (99:1) with or without 10% C2H2 and incubated in the light. All cultures were routinely checked for contamination, and data from contaminated samples were rejected. Samples of headspace gas were assayed for N20 by the method of Patriquin and Knowles (11) with a Porapak Q column in a Hewlett-Packard gas chromatograph with a thermal conductivity detector. A standard N20 (Alltech Associates, Inc.) level of 0.1 to 10% in Ar-CO2 (99:1) was used to identify N20 retention time. The assay was sensitive to 0.05% N20.
The identity of the gas was confirmed by mass spectrometry of 15N20 gas evolved from cells fed Na15NO2 ( Evolution of the N20 into the headspace of the serum tubes continued at a steady rate for nearly 13 h and leveled off after 22 to 24 h (Fig. 1) . A preliminary determination of the inorganic N balance in cells of Chlorella vulgaris grown for 24 h in serum tubes containing BG-11 medium plus 3.63 mg of N02-, 10% C2H2, and 10-5 M DCMU (Table 2) showed that the nitrogen of the N20 in the aqueous phase (15) plus the headspace gas represented 13.7% of the available N02 nitrogen (after autoclaving). Nitrite was assayed by diazotization (10), ammonia was assayed by the method of Nessler (6), and nitrate was assayed with Szechrome NB reagent (Polysciences, Inc.). The source of the ammonia which was also produced in the medium after 24 h is not known. Nitrate was not detectable.
The evolution of N20 increased in two of the three species of chlorellae tested when glucose was added to the medium. No significant change in N20 production was observed when photosynthetic oxygen production was inhibited by DCMU (Table 1) . When incubated in the dark, cells of C. vulgaris produced 22.4 nmol of N20 per mg (dry weight) of cells, with a 42% increase in the presence of glucose. These data show that in some of the Chlorophyceae there may be an association between photorespiration and N20 evolution. Oxygen has been shown to be a critical control factor in many of the N20-linked processes (4). This preliminary evidence shows that 02 may be involved in the regulation of N20 evolution in the Chlorophyceae, but the role of this involvement is unclear.
C. vulgaris grew well in both NO3-and NO2-. Growth rates for C. vulgaris grown with 150 mg of N02-liter-1 in either air plus 1% CO2 or N2 plus 1% CO2 were equivalent to those of cells grown with 150 mg of NO3 liter-' under the same conditions. Since this alga grows well in N027, it is highly unlikely that the observed N20 evolution from N02 was a detoxification mechanism similar to that proposed for the propionibacteria (8 Preliminary results with C. vulgaris suggest that the cells are unable to produce N2. Acetylene is a potent inhibitor of the reduction of N20 to N2 (2) . Cells incubated with 10% N20 with or without 10% acetylene in Ar and with or without 10-5 M DCMU showed no significant decrease in N20. Likewise, C2H2 did not significantly affect the level of N20 evolution from N02 -incubated cells.
Members of the Chlorophyceae in this study produced N20 at levels comparable to those of Citrobacter spp., a dissimilatory nitrogen oxide reducer (12) . This reduction process has only recently been recognized as a source of N20. Little is known of the enzymes involved; however, nitrate reductase has been implicated in Escherichia coli (13) . C. vulgaris has a very active nitrite reductase (unpublished data), which may be similarly involved in N20 production in the algae. Other eucaryotes such as the fungi have also been shown to evolve N20 from both N03-and N02-but at levels significantly lower than those of the algae and with only trace amounts of N20 detected when N03 is the substrate (3). It is possible that with more sensitive assay procedures, such as an electron capture detector on the gas chromatograph the algae may also be shown to evolve trace quantities of N20 from NO3-or NH3.
Kessler and others (9, 14) have demonstrated that both Chlorella and Ankistrodesmus spp. are nitrifiers. Furthermore, it is known that sinks of both N02-and N20 exist in aquatic systems (5, 7, 17) , even in dark regions where photosynthesis is not possible. Many of the algae studied here are photoheterotrophs and do not require light for growth if provided with a source of reduced carbon. Preliminary data have shown that C. vulgaris evolves N20 from N02 when grown in the light with either glucose or DCMU or both. When grown in the dark with glucose and without DCMU, C. vulgaris also evolves N20. These data suggest that the algae play a hitherto unrecognized but probably major role in N20 production in aquatic systems and proba- 
